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This invention relates to a downhole assembly, and in
particular to an asseﬁbly for use in installing expandable
tubing in a borehole.

WO-A-93\25800 (Shell Internationale Research), the
disclosure of which is incorporated herein by reference,
discloses a method of completing an uncased section of a
boreshole in an underground formation. A liner providea
with overlapping longitudinal slots is fixed at a
predetermined position in the borehole. A ctapered
expansion mandrel is then moved through the 1liner and
expands the liner to a diameter larger than the mandrel
maximum diameter. Ideally, the liner is expanded to such
an extent that it contacts the borﬁ wall.

The preferred method for installing the tubing is to
run the tubing into the bore on the end of a running string
with the mandrel already positioned at the lower end of the
tubing. The expansion mandrel is then pulled upwardly
through the tubing.

It is among the objectives of the various. aspects of
the present invention to provide assemblies which -
facilitate retrieval of at least the running string
following an unsuccessful or aborted expandable cubing
installation ope;ation. -
- According to a first agpect of the invention there is
provided an assembly for installing expandable tubing in a
bore} the assembly comprising: a length of tubing including
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an expandable portjon and means for releasably fixing the
tubing‘in the bore; and a mandrel for connection to 3
running string ang for carrying the tubing into the bore,
the mandre} including means for eXpanding the expandable
portion of thbing, said expanding means being initially
located toward; the lower end of said expandable portion,
and means for releasably mounting the tubing on the
mandrel, the tubing being releasable from the mounting
means by manipulation of the mandrel following fixing of
the tubing in the bore, and the mounting means being re-
engageable with the tubing by further manipulation of the
mandrel to permit manipulation of the tubing to release the
fixing means and permit withdrawal of the assembly from the
bore.

Thus, in use, if problems are encountered prior to or
during expansion of the tubing, the mandrel of the present
invention may be re-engaged with the tubing and the tubing
then released from the bore such that the assembly may be
retrieved from the bore.

To facilitate ﬁnderstanding of the invention the terms
*upper” and *lower" have been used herein to indicate the
relative positioning of variocus parts and to refer to parts
of a borehole. However, guch language is not to be
construed as limiting the Scope of the invention, which may
be used in horizontal and inclined boreholes with equal
utiliry, i

Preferably, means is also provided for releasing the

expanding means from the mandrel. Thus, if, for example,
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the expanding operatijion encounters difficulties at a Stage
where the tubing has been expanded to such an extent that
it cannot be retrieved from the bore, the larger diameter
expanding means may be released such that the mandre] and
running string may be removed from the bore. If necessary,
the parts of the assembly remaining in the bore, that ig
the tubing and the expanding means, may then be milled out.
Most preferably, the expanding means and the means for
releasably mounting the tubing to thg mandrel are linked

and are vreleasable from the mandrel ‘as one. This

facilitates recovery of the running string if the mounting

between the mandrel and the tubing is damaged or cannot be
operated.

Preferably also, the means for releasing the expanding
means from the mandrel is actuated by fluid pressure,
conveniently by means of fluid which is pumped from Ehe
surface through the runging string and a fluid passage
defined by the mandrel. A restriction may be provided in
the passage, dr may be dropped or pumped down the string,
to allow érea:ion of a pressure diop and actuation of a
piston to release keys or lugs locking the expanding means
and the mandrel together. Preferably also, the means for
releasably mounti?g the ;ubing to the mandrel includes an
oﬁen-ended J-slot arrangement, such that re-engageﬁent of
the tubing with the mounting means may be achieved merely
by manipulation of the running string. Alternatively,
other.arrangements as known to the those of skill in the

art may be utilised, including latches, collets,
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retractable\extendable keys and the like.

Preferably also, the means for releasably mounting the
tubing on the mandrel inclydes a link for fixing the tubing
on the mandrel while running in to the bore, to minimise
the pPossibility of the tubing being inadvertently released
from the mandre} by the shocks and bumps experienced during

run in. Conveniently, the link is a shear link, such as a

Preferably also, the means for releasably fixing the
tubing in the bore includes means for automatically
latching the tube in the bore on'downward axial movement of
the tubing relatjive to the bore and means for releasing the
tubing from the bore on one or both of subsequent axial
movement of the tubing relative to the bore and rotational
movement of the tubing relative to the bore. Conveniently,
said automatic latching means and tubing releasing meané
are combined in a gingle fixing meansg such as a stab
in/rotate out receptacle, which receptacle may include an
open-ended J-glot, g Tatchet thread, offget latching
fingers and profiles, or any other guitable arrangement
known to those of skill in the are,

' Preferably also, the asgembly includes a barrier to
prevent debris falling into the upper end of the tubing,
which debris migﬁt otherwise interfere with the movement of
the expanding meang through the tubing. Conveniently, the

barrier is in the form of a junk catcher mounted on the

. lower end of the string or the upper end of the mandrel.
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A sand screen or the like may be mounted on the
tubing, to be pushed into contact with the bore wall on
expangion of the tubing.

According to another aspect of the invention there_ig
provided an assembly for installing expandable tubing in a
bore, the assembly comprising: a length of tubing including
an expandable portion and means for releasably fixing the
tubing in the bore; a mandrel for connection to a running
string and for carrying the tubing into the bore, the
mandrel including weans for expanding the exbandable
portion of tubing, said expanding means being initially
located towards the lower end of said expandable portiocn;
and means for releasably mounting said expanding means on
the mandrel, whereby the expanding means is releasable from
the mandrel to permit withdrawal of the assembly from the
tubing and the bore.

In the absence of an assembly in accordance with this
aspect of the invention if, for whatever reason, it is only
possible to pull the mandrel.part way through the length of
tubing to be expanded, the mandrel and the string on which
the mandrel is mounted will remain jammed in the bore.
Even if posaible, removal or retrieval of such a jammed
string from a bore is a time consuming and expensive
operation.

These and other aspects of the present invention will
now be described, by way of example, with reference to the
aCcoﬁpanying drawings, in which:

'Figure 1 is a sectional view of an assembly for use in
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installing expandable tubing in accordance with.a preferred
embodiment ‘of the present iﬁvention, the assembly being

shown in Tun-in-position;

Figqure 4 ig 3 sectional view of the assembly of Fiqure
1, and illustrating the asgembly following releasa of the
expandable tubing from the string and commencement of the
expanding operation; apgd

Pigure s ig a sectional view of the assembly of Figure

'1, following releage of the expanding cone from the running

string,
Reference is firge made to Figure 1 of the drawings,
which illuscrates an assembly 10 for use in installing
eéxpandable tubing in a bore. The assenbly 10 includes a
central maﬂdrel 12 on which a tubing assembly 13 including
a length of expandable slotted tubing (EST) 14 is mounted.
In this example a sand screen 15 ig provided over the
exterior of the tubing 24. The mandrel 12 is connected to
a running string 13 formed of drill Pipe, and indeeqd
portions of the mandrel are formed from sections of drill
pipe 16. The upper end of the mandrel 12 carries a junk
catcher 17 to prevent debris falling into the tubing 14.

The lower end of the mandrel 12 carries an expander cone 18
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and is initially coupled to the tubing aggembly 13 via
means including a mandrel coupling portion 320. The
corresponding tubing coupling portion 22 jig fixed to the
lower end of the éxpandablc tubing 14, Extending below the
tubing coupling portion 22 is an anchor 23 (Figure 2) for
engaging a packer-mounted latch assembly 25, in this
example the anchor latch agssembly being a Baker K22,

The assembly 10, carrying the tubing assembly 13, is
run into a borehole including an uncased section in which
the packer-mounted lateh assembly 26 hasg already been
located. The anchor 24 includes externally threaded
fingers 28 which are deflected inwardly as the anchor 24 is
moved into the latch asgembly 26, and which then spring out
to engage the internally threaded end portion 30 of the
latch assembly 26.° Thﬁa to remove the anchor 24 from the
latch assembly 26 it is necessary to rotate the anchor 24
relative to the assembly 26.

The coupling portions 20, 22 are initially connectegd
by means of shear screws 32, and the mandrel coupling
portion 20 also defines a lug 34 which is initially located
within the lenger leg of an open ;nded J-slot 36 defined on
the tubing coupling portion 22. The J-slot 36 is shown in
greater detail in Figure 3 of the drawings. In normal
operation, it is merely necessary to pull up on the string
to shear the screws 32 to releasea the mandrel 12 from the
tubing assembly 13, once the asgsembly 13 has been fixed in
the bore by the anchor latch asgembly 24, 26. Pulling

upwardly on the string lifts the lug 34 out of the J-slot
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36 and brings the expanding cone 18 up through the tubing
14. In a normal operation, the expander cone 18 will be
pulled all the way through the tubing 14, which will be
expanded outwardly to push the sand screen 1S into contact
with the bore wall. once the expander cone 1g has cleared
the uppermost section of tubing 14, the string 19, mandrel
12 and expander cone 18 may be removed from the bore.
However, if a problem is encountered before thae expansion

operation is commenced, cne aspect of the present invencion

~allows cthe tubing assembly 13 to be re-engaged with the

_mandrel 12, to allow release of the ancher 24 from the

latch assembly 26, as described below.

In the event of a problem, the mandrel 12 is lowered
into the bore such that the lug 34 passes into the J-slot
36. The mandrel 12 is lowered until the lug 34 engages the
lower J-slot stop 18. The mandrel 12 1is then rotated
relative to the fixed tubing assembly 13 such that on
lifting the mandrel 12 the lug 34 is lifred into the blind
leg 42 of the J-slot. The mandrel 12 is now rotated and
the engagement of the lug 34\with the wall of the J-slot 3¢
causes the tubing assembly 13 and anchor 24 to rotate with
the mandrel li, such that the anchor 24 may be released
from the fixed latch assembly 26. The assembly 10, and the
tubing assembly 13, may then be retrieved from the bore.

iIn the event that some expansion of the tubing 14 has
taken place (Figure 4} before the expansion operation i3
aborted, it may not be possible to Temove the ctubing

assembly 13 from Ehe bore, as the -diameter of the expanded
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tubing 14 may be larger than thac of the bore liner or
other restrictions above the assembly 13, In these
circumstances, it is necessary that the tubing assembly 13
remains in the bore, however a second aspect of &he
invention permits the mandrel 12 and string 19 to be
retrieved, as explained below.

The expander cone 18 is mounted on the upper end of
the mandrel coupling portion 20 and is held axially
relative to the mandrel 12 by keys 44 which are normally
maintained in an extended position by a stepped profile
tubular supporting collar 46 at the lower end of rthe
mandrel 12. 1In addition, the tubing coupling portion 22
includes radially extending torque screws 48 normally
located in open ended slots 50 in the lower end of the
mandrel 12; the screws 48 facilitate transfer of torque
from the mandrel 12 to the tubing coupling portion 22 if
the anchor 24 is to be released from the latch assembly 26.

The suppert collar 46 is normally fixed relative to
the mandrel 12 by shear pins 52, and thus Prevents inward
mwovement of the keys 44 and ‘release of the expander cone 18
from the tnandx:el 12. However, by dropping a steel ball 54
(Figure 5) down the string to land on a seat 56 Provided by
a further inner collar S8, it ig possible to pump down on
the ball 54 and create a pressure difference across the
ball 54 sufficient to shear the pins 52 and move the
support collar 46 downwardly. Downward movement of the
step;;ed profile collaf 46 allows the keys 44 to move

inwardly, thus releasing the expander cone 18 from the
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mandrel 12, The mandre) may then be removed from the
assembly 10, as illustrated in Figure 5 of the drawings.

If deemed necessary or desirable, the pParts of the
assembly 10 Yemaining in the bore and the tubing assembIy
13 may then be milled cut.

From the above-description it will be apparent to
those of skill in the art that this embodiment of the
present invention provides for an assembly 10 which
provides two different options for releasing the running
string in the event of a Problem with the tubing running
and expanding assembly 10 or \the tubing assembly 13 itself.
Of course in other embodiments these features may be
provided separately, rather than both being provided in a
single assembly 10,

It will also be clear to those of skill in the art
that the above-described is merely exemplary of the present
invention, and that various modifications and improvements
may be made thereto-without departing from the scope of the

invention,
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1. An assembly for installing expandable tubing in. a
bore, the assembly comprising:

a length of tubing including an expandable portion and
means for releasably fixing the tubing in the bore; and

a mandrel for connection to a running string and for
carrying the tubing into the bore. the mandrel including
means for expanding the expandable portion of tubing, said
expanding means being initially located towards the lower
end of said expandable portion, and means for releasably
mounting the tubing on the mandrel, the tubing being
releasable from the mounting means by manipulation of the
mandrel following fixing of the tubing in the bore, and the
mounting means being re-engageable with the tubing by
further manipulation of the mandrel to permit manipulation
of the tubing to release the fixing means and permit

withdrawal of the assembly from the bore.

2. The assembly of claim 1, wherein means is also
provided for releasing the expanding means from the

mandrel.

3. An assembly for installing expandable tubing in a
bore, the assembly comprising: -
a length of tubing including an expandable portion and

means for releasably fixing the tubing in the bore;
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3 mandrel for connection to a running string and for
carrying the tubing into Lthe bore, the mandrel including
means for expanding the expandable portion of tubing, said
expanding means being initially located towards the lower

5 end of said expandable portion; and

means for releasably mounting said expanding means on
the mandrel, whereby the expanding means is releasable from
the mandrel to permit withdrawal of the agsembly ffom the

tubing and the bore.

10 4. The assembly of claim 3, wherein the mandrel further
includes means for expanding the expandable portion of
tubing, said expanding means being initially located
towards the lower end of said éxpandable portion, and means
for releasably mounting the tubing on the mandrel, the

15 tubing being releasable from the mounting means by
manipulation of the mandrel following fixing of rhe tubing ’
in the bore, and the mounting means being re-engageable
with the tubing by further manipulation of the mandrel to
permit manipulation of the tubing to release the fixing

20 means and permit withdrawal of the assembly from the bore.

S. The assexmbly of claim 2 or 4, wherein the expanding
means and the means for releasably mounting the tubing to
the mandrel are linked and are releasable from the mandrel

as one.

25 6. The assembly of claim 2, 3, 4 or 5, wherein the means
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for releasing the expanding ‘means from the mandrel is

actuatable by fluid pressure.

7. The assembly of claim 6, wherein the means §for
releasing the expanding means from the mandrel is
actuatable by means of fiuid pumped from the surface
through the running étring and a fluid passage defined by

the mandrel.

a. The assembly of-claim 7, wherein a restriction is
provided for location in the passage, to allow creation of
a pressure drop and actuation of an axially movable piston
to release keys locking the expanding means and the mandrel

together.

9. The assembly of any of claims 1, 2 or 4 to 8, wherein
the means for releasably mounting the tubing to the mandrel
includes an cpen-ended 3-510: arrangement, such that re-
engagement of the tubing with the mounting means may be

achieved merely by manipulation of the running string.

10. The assembly of any of claims 1, 2 or 4 to 9, wherein
the means for releasably mounting the tubing on the mandrel
includes a link for fixing the tubing on the mandrel while
running in to the bore, to minimise the possibility of the
tubing being inadvertently released from the mandrel by the

shocks and bumps experienced during xun in.
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11. The assembly of claim 10, wherein the link is a shear

link.

12. The assembly of any of the preceding claims, wherein
the means for releasably fixing the tubing in the bore
includes means for automatically latching the tube in the
bore on downward axial movement of the tubing relative to
the bore and means for releasing the tubing from the bore
on one or both of subsequent axial movement of the tubing
relative to the bore and rotational movement of the tubing

relative to the bore.

13. The assembly of claim 12, wherein said automatic

latching means and tubing releasing means are combined in

a single fixing means.

14. The assembly of any of the preceding claims wherein
the assembly includes a barrier to prevent debris falling
into the upper end of the tubing, which debris might
otherwise interfere with the movement of the expanding
means through the ‘tubing.

15. The assembly of claim 14, wherein the barrier is in
the form of a junk catcher for mounting on the lower end of
the string or the upper end.of the mandrel.

16. The assembly of any of the preceding claims wherein a

sand screen or the like is mounted on the tubing, to be
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pushed into contact with the bore wall on expansion of the

tubing.

17. An assembly for installing expandable tubing in, a
bore, the assembly comprising:

a length of expandable tubing including an anchor for
releasably fixing the tubing in the bore; and

a mandrel for connection to a running string and for
carrying the tubing into the bore, the mandrel including an
expander cone initially located towards the lower end of
the tubing, and a coupling for releasably mounting the
tubing on the mandrel, the coupling releasing the.tublng
from the mandrel with manipulation of the mandrel following
fixing of the tubing in the bore, and the coupling re-
engaging the ctubing with further manipulation of the
mandrel, to permit manipulation of the tubing to releasé
the anchor and permit withdrawal of the assembly from the

bore.

13. An assembly for instﬁlling expandable tubing in a
bore, the assembly comprising:

a length of expandable tubing including an anchor for
releasably fixing the tubing in the bore;

a mandrel for cennection to A running string and for
carrying the tubing into the bore, the mandrel including an
expander cone initially located towards the lower end of
the :-uh:'.ng; and

a coupling for releasably mounting the cone on the
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mandrel, whereby the cone is releasable from the mandrel to

permxt withdrawal of the assembly from the tubing and the
bore.
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